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adhesives	and	sealants,	 and	historical	Aroclor	mixtures	of	PCBs	 such	as	what	 is	 found	 in	
some	old	window	caulking,	insulation,	and	light	ballasts.	PCB	concentrations	in	outdoor	air	









of	 this	 thesis.	 Extraction	 efficiency,	 reproducibility,	 and	 accuracy	 were	 assessed	 using	












negatively	 impact	 children	 by	 disrupting	 hormone	 development.	 They	 can	 be	 found	 in	
modern	pigments	present	in	house	paint	and	cabinet	varnish,	as	well	as	some	old	window	
caulking	and	 light	ballasts.	We	analyzed	 indoor	air	PCB	 levels	 in	order	 to	confirm	known	
indoor	sources	and	identify	new	sources.	Another	possible	source	to	home	air	PCB	levels	is	
the	 dredging	 of	 a	 local	 PCB-contaminated	waterway,	 the	 Indiana	Harbor	 and	 Ship	 Canal	
(IHSC).	PCBs	were	used	by	 industries	around	the	canal	 in	 the	mid-1900s	and	are	heavily	
concentrated	in	the	sediment	of	the	canal.	The	Army	Corp	of	Engineers	is	currently	dredging	
the	canal	to	deepen	it,	and	the	contaminated	sediment	is	being	treated	at	a	nearby	facility.	
Our	 concern	 with	 these	 dredging	 activities	 is	 that	 the	 PCBs	 in	 the	 sediment	 are	 being	

























































Poly-chlorinated	 biphenyls	 (PCBs)	 are	 a	 group	 of	 persistent	 chemicals	 that	 are	 a	
known	human	carcinogen,	neurotoxin,	and	endocrine	disruptor.	There	are	209	congeners	of	
PCBs;	the	general	structure	is	shown	in	figure	1.	Each	of	the	209	congeners	have	different	
placements	 and	 numbers	 of	 chlorines	 attached	 to	 the	 double	 hydrocarbon	 rings.	 The	
intentional	production	of	PCBs	was	banned	in	the	United	States	in	1979,	and	their	use	has	








as	 heavily	 contaminated	with	 PCBs	 (Martinez	 et	 al.	 2010).	 The	 IHSC	 branches	 off	 of	 the	
southwestern	 edge	 of	 Lake	 Michigan	 and	 serves	 many	 major	 industries.	 It	 is	 heavily	
industrialized	and	is	a	designated	Area	of	Concern	by	the	International	Joint	Commission	for	
its	 high	 levels	 of	 pollutants.	 The	 surficial	 sediment	 is	 contaminated	 with	 Aroclor	 1248,	
containing	up	to	35,000	ng	of	PCBs	per	gram	dry	weight	(Marek	et	al.	2017).	In	2012,	the	U.S.	
Army	Corp	of	Engineers	began	dredging	the	canal	to	ensure	proper	depth	requirements	for	
incoming	 ships.	 Once	 disturbed,	 these	 PCBs	 leach	 into	 the	water	 from	 the	 contaminated	
sediment	and	eventually	volatilize	into	the	air	(Martinez	et	al.	2019).	PCBs	are	lipophilic	as	


















Materials & Methods 
Air	Sample	Collection	
East	 Chicago	mother-child	 pairs	 have	 been	 enrolled	 in	 the	Airborne	 Exposures	 to	
Semi-volatile	 Organic	 Pollutants	 (AESOP)	 study	 to	 measure	 inhalation	 exposure.	 The	






















freezer	at	 the	University	of	 Iowa’s	water	 treatment	plant	 lab.	The	 samples	were	digitally	















350)	with	 a	1:1	hexane	 to	 acetone	 solvent	mixture.	The	parameters	 for	 the	ASE	were	 as	
follows:	100	°C	temperature,	5	minute	heating	time,	5	minute	static	time,	60%	rinse	volume,	










activated	 (heat	 treated)	 silica,	 and	 acidified	 silica	 (2:1	 silica	 gel:sulfuric	 acid	 w/w).	 The	








The	 Agilent	 7000	 Triple	 Quadrupole	 gas	 chromatography	 with	 tandem	 mass	
spectrometry	 (GC-MS/MS)	 in	 multiple	 reaction	 monitoring	 mode	 (MRM)	 was	 used	 to	



































data.	Two	data	 transformation	methods	were	 tested,	 and	 the	more	conservative	method,	































Transformation	 Method	 1	 corrected	 first	 using	 recoveries,	 then	 applied	 the	 LOQ.	
Transformation	Method	2	 first	applied	 the	LOQ	and	 then	corrected	using	recoveries.	The	
difference	between	the	two	methods	can	be	visualized	as	a	percent	detection	(Figure	B6	in	
appendix	B).	There	were	82	congeners	(including	coelutions	like	12+13)	that	had	a	percent	








an	 equilibrium	 sampler.	 The	 lighter	 congeners	 reach	 equilibrium	 first,	 and	 the	 heavier	
congeners	 are	 less	 likely	 to	 reach	 equilibrium.	 PUF-PAS	 collects	 PCBs	 over	 the	 entire	
deployment	time	until	equilibrium.	In	order	to	obtain	the	concentration	of	PCBs	in	the	air,	
the	 effective	 volume	 of	 air	 (Veff)	 through	 the	 sampler	 must	 be	 determined.	 The	 PCB	
concentrations	were	calculated	using	the	following	equation	(Marek	et	al.	2017).	
2 = 	 )$**	(45)#,,#789:#	:+;<)#	()!) 	=
)$**	(45)







model	 takes	 into	 account	 vapor	 pressures	 for	 each	 specific	 congener.	 To	 determine	 the	
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The	 cosine	!	 value	 for	 all	 samples	was	 also	 calculated	 before	 applying	 the	 vapor	
pressure.	Some	samples	changed	their	likeliest	source	(largest	cosine	!	value)	before	and	


























Based	 on	 table	 3,	 a	 few	 of	 the	 top	 congeners	 found	 in	 samples	 A	 and	 B	 can	 be	
explained.	 PCB	11,	 one	 of	 the	 top	 congeners	 in	 sample	B,	 could	 have	 come	 from	 cabinet	
varnish,	yellow	or	green	colorants,	and/or	an	adhesive.	PCB	52	as	well	as	PCB	95	in	sample	
B	 could	 be	 attributed	 to	 cabinet	 varnish	 or	 a	 yellow	 colorant.	 The	 co-eluting	 congeners	
61+70+74+76	is	the	5th	top	congener	in	Sample	A,	the	4th	top	congener	in	Sample	B,	and	is	



























1	 	 	 	 0.165	 0.08	 	 0.11	 0.45	 	 1.8875	 1.573	 0.064	
2	 	 	 	 0.055	 	 	 0.19	 0.14	 	 1.27	 1.058	 0.052	
3	 	 	 	 0.09	 0.32	 	 0.67	 0.12	 	 2.0075	 1.673	 0.177	
4	 	 	 	 0.46	 3.29	 3.9	 0.83	 	 	 1.635	 	 	
5	 	 	 	 0.04	 	 	 	 	 3.54	 	 	 	
6	 	 	 	 0.61	 0.81	 11.61	 0.32	 	 	 1.5	 	 	
7	 	 	 	 0.13	 	 	 	 0.63	 	 	 	 	
8	 	 	 	 1.285	 2.61	 5.61	 3.23	 	 	 2	 	 0.006	
11	 	 0.037	 	 5.315	 1	 3.33	 0.13	 	 0.12	 2.75	 	 	
13	 	 	 	 	 	 	 	 	 	 3.25	 	 0.003	
12+13	 	 	 	 	 0.03	 3.73	 3.39	 	 1.38	 	 	 	
15	 	 	 	 	 	 0.9	 3.4	 	 	 3.75	 	 0.166	
18+30	 	 	 	 0.905	 	 	 	 	 	 	 	 	
20+28	 	 	 	 0.845	 	 	 	 	 	 	 	 	
28	 	 	 	 	 	 	 	 	 	 	 	 0.014	
31	 	 	 	 0.875	 	 	 	 	 	 	 	 	
37	 	 	 	 	 	 	 	 	 	 	 	 0.006	
44+47+65	 	 	 	 11.105	 	 	 	 	 	 	 	 	
45+51	 	 	 	 3.33	 	 	 	 	 	 	 	 	
49+69	 	 	 	 0.64	 	 	 	 	 	 	 	 	
52	 	 0.033	 5.21E-04	 1.34	 0.35	 	 	 	 	 	 	 	
56	 	 	 	 	 	 	 	 	 4.79	 	 	 	
61+70+74+76	 0.043	 0.061	 3.80E-04	 0.45	 	 	 	 	 	 	 	 	
66	 	 	 	 0.135	 	 	 	 	 	 	 	 0.003	
68	 	 	 	 1.37	 	 	 	 	 	 	 	 	
77	 	 	 	 	 	 	 	 	 0.91	 	 	 	
84	 0.028	 	 7.67E-05	 	 	 	 	 	 	 	 	 	
[85/116+86/97/109/119	
+87/125+110+115+117]	
0.142	 0.171	 4.28E-04	 	 	 0.45	 	 	 	 	 	 	
90+101+113	 0.090	 0.078	 2.11E-04	 0.285	 0.2	 	 	 	 	 	 	 	
93+100	 0.077	 	 	 	 	 	 	 	 	 	 	 	
95	 	 0.058	 2.22E-04	 0.42	 0.18	 	 	 	 	 	 	 	
118	 	 0.063	 1.08E-04	 	 	 	 	 	 	 	 	 	
129+138+160+163	 0.036	 0.056	 3.27E-05	 	 	 	 	 	 	 	 	 	
135+151	 0.033	 	 1.37E-05	 	 	 	 	 	 	 	 	 	
142	 	 	 	 	 	 0.59	 	 	 	 	 	 	
147+149	 0.073	 0.040	 2.95E-05	 	 	 	 	 	 	 	 	 	
153+168	 0.038	 0.035	 1.04E-05	 	 	 	 	 	 	 	 	 	
187	 0.027	 	 5.06E-07	 	 	 	 	 	 	 	 	 	
a	Sherwin	Williams	paint	colorant	 b	PPG	Pittsburgh	paint	colorant										c	TCPS	=	trichlorophenylsilane	 	d	CTPS	=	chlorotriphenylsilane	
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1005	 6100515P01082013	 10/11/12	 01/08/13	 F-W	 89	 71.2	 IHSC	 0.427	
6100511P09122013	 06/17/13	 09/12/13	 Su-F	 87	 69.6	 IHSC	 0.829	
1075	 6107518P12222012	 11/27/12	 12/22/12	 W	 25	 20.0	 1254	 7.974	
6107511P03202013	 12/22/12	 03/20/13	 W-Sp	 88	 70.4	 1254	 2.373	
1081	 6108118P01152013	 10/11/12	 01/15/13	 F-W	 96	 76.8	 IHSC	 3.117	
6108113P09172013	 04/04/13	 09/13/13	 Sp-Su	 162	 129.6	 1254*	 22.119	
1033	 6103315P02142013	 11/13/12	 02/14/13	 F-W	 93	 74.4	 IHSC	 1.603	
6103317P06132013	 02/14/13	 06/13/13	 Sp	 119	 95.2	 IHSC	 0.437	
1101	 6110111P02052013	 11/08/12	 02/05/13	 F-W	 89	 71.2	 IHSC	 0.790	
6110113P06182013	 02/05/13	 06/18/13	 Sp	 133	 106.4	 IHSC	 0.537	
1111	 6111113P06132013	 01/24/13	 06/13/13	 Sp	 140	 112.0	 1254*	 2.111	
6111113P07012014	 02/20/14	 07/01/14	 Sp	 131	 104.8	 1254	 5.190	
1057	 6105711P03122013	 12/06/12	 03/12/13	 W-Sp	 96	 76.8	 IHSC	 12.159	




For	 two	 samples	whose	 cosine	 theta	values	were	not	 above	0.8	 for	 either	Aroclor	
1254	or	 IHSC	air,	other	possible	sources	 for	 their	 top	congeners	 include	green	colorants,	









congeners	 in	 IHSC	 air	 are	 PCBs	 8,	 17,	 18+30,	 20+28,	 31,	 52,	 [61+70+74+76],	
	 18	
[85+86+87+97+109+110+115+116+117+119+125],	 [90+101+113],	 and	 95.	 A	 known	
contributor	to	the	pollution	to	IHSC	sediment	is	Aroclor	1248	(Martinez	et	al.	2010).	
Aroclor	1254	was	also	a	major	source	of	PCBs	for	home	air	in	East	Chicago,	Indiana.	


































































































Name	 Abbrev.	 Name	 Abbrev.	






























PCB	 LOQ	 PCB	 LOQ	 PCB	 LOQ	 PCB	 LOQ	 PCB	 LOQ	
1	 0.030	 42	 0.025	 88	 0.007	 134	 0.014	 179	 0.012	
2	 0.027	 43	 0.016	 89	 0.010	 135+151	 0.048	 180+193	 0.023	
3	 0.061	 44+47+65	 0.106	 90+101+113	 0.170	 136	 0.031	 181	 0.036	
4	 0.036	 45	 0.026	 91	 0.027	 137	 0.006	 182	 0.085	
5	 0.019	 46	 0.020	 92	 0.030	 139+140	 0.016	 183	 0.007	
6	 0.021	 48	 0.028	 93+100	 0.026	 141	 0.021	 184	 0.101	
7	 0.023	 49+69	 0.072	 94	 0.005	 142	 0.007	 185	 0.008	
8	 0.040	 50+53	 0.090	 95	 0.150	 143	 0.004	 186	 0.007	
9	 0.018	 51	 0.024	 96	 0.013	 144	 0.015	 187	 0.014	
10	 0.025	 52	 0.162	 98	 0.011	 145	 0.009	 188	 0.046	
11	 0.063	 54	 0.021	 99	 0.053	 146	 0.013	 189	 0.027	
12+13	 0.038	 55	 0.018	 102	 0.011	 147+149	 0.101	 190	 0.013	
14	 0.029	 56	 0.022	 103	 0.008	 148	 0.009	 191	 0.014	
15	 0.049	 57	 0.012	 104	 0.013	 150	 0.008	 192	 0.010	
16	 0.031	 58	 0.014	 105	 0.015	 152	 0.010	 194	 0.049	
17	 0.028	 59+62+75	 0.051	 106	 0.006	 153+168	 0.065	 195	 0.030	
18+30	 0.086	 60	 0.019	 107	 0.007	 154	 0.012	 196	 0.021	
19	 0.077	 61+70+74+76	 0.128	 108+124	 0.013	 155	 0.009	 197	 0.137	
20+28	 0.062	 63	 0.014	 110	 0.089	 156+157	 0.004	 198+199	 0.016	
21+33	 0.056	 64	 0.032	 111	 0.007	 158	 0.011	 200	 0.060	
22	 0.025	 66	 0.032	 112	 0.011	 159	 0.028	 201	 0.008	
23	 0.015	 67	 0.014	 114	 0.013	 160	 0.005	 202	 0.020	
24	 0.012	 68	 0.034	 115	 0.037	 161	 0.006	 203	 0.022	
25	 0.019	 72	 0.011	 117	 0.089	 162	 0.006	 205	 0.039	
26+29	 0.027	 73	 0.016	 118	 0.057	 164	 0.009	 206	 0.045	
27	 0.014	 77	 0.005	 120	 0.005	 165	 0.004	 207	 0.012	
31	 0.055	 78	 0.009	 121	 0.008	 167	 0.004	 208	 0.013	
32	 0.139	 79	 0.011	 122	 0.007	 169	 0.002	 209	 0.131	
34	 0.009	 80	 0.010	 123	 0.006	 170	 0.029	 	 	
35	 0.005	 81	 0.010	 126	 0.022	 171+173	 0.018	 	 	
36	 0.005	 82	 0.022	 127	 0.002	 172	 0.015	 	 	
37	 0.008	 83	 0.008	 129+138+163	 0.057	 174	 0.010	 	 	
38	 0.006	 84	 0.053	 130	 0.004	 175	 0.005	 	 	
39	 0.013	 85+116	 0.031	 131	 0.009	 176	 0.005	 	 	
40+71	 0.037	 86+97+109+119	 0.058	 132	 0.033	 177	 0.009	 	 	




PCB	 LOQ	 PCB	 LOQ	 PCB	 LOQ	 PCB	 LOQ	 PCB	 LOQ	
1	 2.75E-01	 45+51	 2.60E-02	 95	 5.50E-03	 150	 1.47E-03	 195	 3.29E-05	
2	 2.75E-01	 46	 1.68E-02	 96	 3.60E-03	 152	 1.10E-03	 196	 4.97E-05	
3	 2.75E-01	 48	 1.43E-02	 98+102	 5.85E-03	 153+168	 2.95E-04	 197	 1.27E-04	
4	 3.19E-01	 49+69	 1.72E-02	 103	 7.33E-03	 154	 1.82E-03	 198+199	 8.45E-05	
5	 1.62E-01	 50+53	 2.33E-02	 104	 2.36E-03	 155	 5.43E-04	 200	 1.55E-04	
6	 1.62E-01	 52	 1.69E-02	 105	 7.63E-04	 156+157	 1.58E-04	 201	 5.13E-05	
7	 1.88E-01	 54	 1.04E-02	 106	 9.47E-04	 158	 4.43E-04	 202	 2.02E-04	
8	 1.47E-01	 55	 1.04E-02	 107	 1.17E-03	 159	 4.55E-04	 203	 4.94E-05	
9	 2.04E-01	 56	 4.04E-03	 108+124	 1.34E-03	 161	 4.55E-04	 205	 6.10E-05	
10	 3.39E-01	 57	 4.17E-03	 111	 2.38E-03	 162	 4.55E-04	 206	 6.10E-05	
11	 1.60E-01	 58	 4.17E-03	 112	 3.16E-03	 165	 3.45E-04	 207	 6.10E-05	
12+13	 7.50E-02	 59+62+75	 5.12E-03	 114	 9.23E-04	 167	 2.54E-04	 	 	
15	 7.24E-02	 60	 4.30E-03	 118	 1.04E-03	 169	 6.76E-05	 	 	
16	 5.33E-02	 61+70+74+76	 5.70E-03	 120	 3.76E-03	 170	 7.03E-05	 	 	
17	 6.76E-02	 63	 7.24E-03	 121	 4.90E-03	 171+173	 2.06E-04	 	 	
18+30	 8.29E-02	 64	 1.05E-02	 122	 2.32E-03	 172	 1.41E-04	 	 	
19	 1.13E-01	 66	 5.21E-03	 123	 1.10E-03	 174	 2.21E-04	 	 	
20+28	 2.97E-02	 67	 7.08E-03	 126	 3.85E-04	 175	 3.98E-04	 	 	
21+33	 2.80E-02	 68	 1.16E-02	 127	 3.35E-04	 176	 5.41E-04	 	 	
22	 2.34E-02	 72	 7.47E-03	 129+138+160+163	 4.60E-04	 177	 2.04E-04	 	 	
23	 4.47E-02	 73	 7.47E-03	 130	 4.90E-04	 178	 4.57E-04	 	 	
24	 7.08E-02	 77	 1.83E-03	 131	 9.33E-04	 179	 6.07E-04	 	 	
25	 3.44E-02	 78	 2.96E-03	 132	 7.47E-04	 180+193	 1.06E-04	 	 	
26+29	 4.43E-02	 79	 2.96E-03	 133	 8.88E-04	 181	 1.74E-04	 	 	
27	 5.89E-02	 80	 4.79E-03	 134+143	 1.01E-03	 182	 2.86E-04	 	 	
31	 3.41E-02	 81	 3.35E-03	 135+151	 1.53E-03	 183	 2.84E-04	 	 	
32	 5.13E-02	 82	 3.35E-03	 136	 2.14E-03	 184	 2.67E-04	 	 	
34	 4.47E-02	 83+99	 2.65E-03	 137+164	 3.42E-04	 185	 2.51E-04	 	 	
35	 1.33E-02	 84	 3.95E-03	 139+140	 1.02E-03	 186	 2.74E-04	 	 	
36	 1.91E-02	 A*	 2.33E-03	 141	 5.45E-04	 187	 3.00E-04	 	 	
37	 1.10E-02	 88+91	 5.56E-03	 142	 7.24E-04	 188	 1.04E-04	 	 	
38	 1.00E-02	 89	 4.73E-03	 144	 1.32E-03	 189	 3.59E-05	 	 	
39	 1.00E-02	 90+101+113	 3.13E-03	 145	 3.09E-03	 190	 7.30E-05	 	 	
40+41+71	 9.45E-03	 92	 3.74E-03	 146	 7.41E-04	 191	 1.05E-04	 	 	
42	 1.12E-02	 93+100	 4.74E-03	 147+149	 1.06E-03	 192	 1.31E-04	 	 	






Sample	ID	 1242	 1016	 1221	 1232	 IHSC	 1254	 1248	 1260	
6100315P01102013	 0.421	 0.412	 0.153	 0.229	 0.796	 0.798	 0.434	 0.696	
6100515P01082013	 0.783	 0.792	 0.349	 0.491	 0.896	 0.673	 0.761	 0.619	
6100715P01082013	 0.713	 0.722	 0.205	 0.332	 0.964	 0.748	 0.840	 0.623	
6102111P07162013	 0.589	 0.615	 0.122	 0.226	 0.958	 0.696	 0.844	 0.538	
6102315P02162013	 0.052	 0.047	 0.006	 0.015	 0.619	 0.905	 0.249	 0.623	
6102515P02142013	 0.699	 0.722	 0.152	 0.279	 0.928	 0.656	 0.846	 0.521	
6102717P02142013	 0.675	 0.703	 0.168	 0.286	 0.918	 0.555	 0.860	 0.486	
6102917P06242013	 0.089	 0.087	 0.015	 0.030	 0.669	 0.898	 0.273	 0.637	
6103315P02142013	 0.827	 0.838	 0.294	 0.440	 0.892	 0.647	 0.772	 0.580	
6103515P02162013	 0.722	 0.730	 0.295	 0.419	 0.942	 0.767	 0.746	 0.675	
6103715P02162013	 0.508	 0.533	 0.069	 0.158	 0.939	 0.755	 0.834	 0.501	
6104315P02262013	 0.700	 0.726	 0.107	 0.233	 0.946	 0.648	 0.894	 0.513	
6104715P02142013	 0.682	 0.699	 0.202	 0.323	 0.969	 0.760	 0.816	 0.594	
6105511P03122013	 0.138	 0.137	 0.027	 0.051	 0.704	 0.902	 0.317	 0.618	
6105711P03122013	 0.407	 0.428	 0.064	 0.131	 0.867	 0.690	 0.846	 0.335	
6107518P12222012	 0.365	 0.367	 0.113	 0.178	 0.818	 0.895	 0.471	 0.717	
6107511P03202013	 0.472	 0.475	 0.161	 0.247	 0.856	 0.857	 0.525	 0.726	
6108118P01152013	 0.525	 0.538	 0.124	 0.218	 0.967	 0.820	 0.702	 0.675	
6109111P01172013	 0.632	 0.649	 0.156	 0.271	 0.917	 0.775	 0.789	 0.581	
6109713P06212013	 0.638	 0.657	 0.166	 0.279	 0.964	 0.765	 0.833	 0.588	
6109913P06182013	 0.180	 0.178	 0.071	 0.100	 0.749	 0.954	 0.389	 0.657	
6110111P02052013	 0.510	 0.519	 0.153	 0.244	 0.914	 0.886	 0.684	 0.666	
6110513P06182013	 0.750	 0.763	 0.197	 0.334	 0.950	 0.706	 0.776	 0.676	
6111713P06132013	 0.127	 0.126	 0.026	 0.048	 0.724	 0.880	 0.307	 0.717	
6111113P07012014	 0.060	 0.054	 0.012	 0.022	 0.645	 0.835	 0.209	 0.639	
6111013P06272013	 0.754	 0.775	 0.178	 0.315	 0.938	 0.640	 0.856	 0.543	
6100511P09122013	 0.369	 0.386	 0.078	 0.143	 0.897	 0.661	 0.604	 0.700	
6103317P06132013	 0.659	 0.677	 0.191	 0.307	 0.973	 0.715	 0.794	 0.619	
6105713P06152013	 0.437	 0.460	 0.084	 0.156	 0.895	 0.671	 0.858	 0.383	
6108113P09172013	 0.030	 0.026	 0.003	 0.008	 0.510	 0.583	 0.114	 0.563	
6110113P06182013	 0.498	 0.508	 0.141	 0.230	 0.926	 0.846	 0.657	 0.690	
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Figure	B6:		Percent	of	samples	that	remained	after	the	LOQ	and	recoveries	were	applied.	Method	1	(recoveries	
correction,	then	LOQ	applied)	is	in	blue,	method	2	(LOQ,	then	recoveries)	is	in	orange.	There	were	82	samples	
with	a	percent	difference	between	the	two	methods	above		0%.	
	
	
